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Abstract 
In this work, NiO/MWCNTs composites were synthesized by heat treatment via two methods. MWCNTs was treated 
by classical oxidative with acid. The treated MWCNTs was mixed with Nickel acetate in various concentration 
before calcined at 400qC for 2 h to obtain the NiO/MWCNTs and compared with another method that prepared by 
chemically depositing nickel hydroxide onto carbon nanotubes under microwave irradiation and thermal annealing 
process.  The modified electrode for the detection of hydrogen peroxide was successfully developed on cross-linking 
between NiO/MWCNTs nanocomposites and fluorine-doped tin oxide (FTO) using nafion as binder. The physical 
properties of the composites were investigated by Field Emission Scanning Electron Microscope (FE-SEM) and      
X-ray Diffractometer (XRD). The SEM results indicated that NiO nanoparticles were well distributed on the surface 
of MWCNTs. The cyclic voltammetry were used to confirm the successful procedure synthesis of 
NiO/MWCNTs/FTO and the concentration of hydrogen peroxide was determined by amperometry, by mean of the 
NiO/MWCNTs/nafion/FTO as working electrode. 
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1. Introduction 
Metal oxide and oxyhydroxide are extensively used in many wide varieties of applications such as 
electrochemical capacitors, electronic industry, magnetic nanostructure, photochemical energy 
conversion, and battery technology [1-3]. In addition, metal oxide films are interesting field of material in 
electrocatalysis and pH sensing [4-5]. Nickel oxide (NiO) has recently received considerable attentions 
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for a variety of application such as electrochromic material [6] gas sensing [7] catalysis [8] light-emitting 
device [9] electrochemical capacitor [10] and particle for immobilization of biomolecule [11]. Carbon 
nanotube (CNTs ) have a unique properties such as significant mechanical strength, high surface area, 
excellent electrical conductivity and high chemical stability. Furthermore, difference applications of 
CNTs  are also of interest  for  the applications of electrochemical sensor and biosensor [12]. Up to now, 
The F-doped tin oxide (FTO) film has been recognized as versatile transparent conducting oxide widely 
used as conducting layer in optoelectronic devices and they also serve as potentially passive working 
electrode [13]. The detection of hydrogen peroxide (H2O2) has extremely become important scheme in 
recent years because it is widely used in the processing of food [14], pharmaceutical [15], texliles, and 
environmental applications [16]. The detection of H2O2 can be preformed by several technics such as 
spectrophotometry [17], chemiluminescence [18] and electrochemistry [19]. The microwave-assisted 
process (MAP) is a high speed method used to selectively extract target compounds from various raw 
materials [20]. The advantage of the microwave irradiation is that it transfers heat to the substance 
uniformly and shorter crystallization time compared to conventional heating.   
In this report, the first step was performed to purify of CNT by acid at high temperature. 
Subsequently, the purified multi-wall carbon nanotubes (MWCNTs) was mixed with Nickel acetate and 
adjusted by ammonium hydroxide.  Exact portion of mixed suspension was heated via heating oven or 
household microwave oven before calcined at 400qC for 2 h. The NiO/MWNTS and nafion was 
fabricated onto FTO electrode. Physical properties of as-synthesized composites were characterized by   
X-ray diffraction (XRD) and Field Emission Scanning Electron Microscope (FE-SEM). The hydrogen 
peroxide detection performance of NiO/MWCNTs/FTO working electrode was studied by voltammetry 
and amperometry techniques. 
2. Experimental 
2.1 Chemicals and material 
     Multi-wall Carbon nanotube (MWCNTS) and nickel (II) acetate tetrahydrate (Ni(CH3COO)2·4H2O) 
was purchased form sigma - aldrich. Nitric acid (70% w/w) was obtained form Mallinckrodf - Chemical. 
Sulfuric acid (98% w/w) was used as-received form Ajax Chemical, Nafion (5% in a mixture of lower 
aliphatic alcohol) was purchased form Fluka. Di-sodium hydrogen orthophosphate dodecahydrate, 
Hydrogen peroxide (30% w/v) were supplied from Fisons Scientific Equipment and Fisher Scientific (UK), 
respectively. Fluorine-doped tin oxide (FTO) substrate was purchased form Solaronix. 
 
2.2 Characterizations 
Microstructure and morphology were characterized by X-ray diffraction (08 Advance, Bruker AG), 
field-emission scanning electron microscopy (FESEM, JEOL-6700). Electrochemical measurements were 
performed using a potentiostat (Autolab/PGSTAT20). 
 
2.3 Surface treatment of MWCNTS  
Prior to reflux, 400 mg MWCNTS were sonicated for 1.5 h in the mixture of 68% HNO3 and 97% 
H2SO4 in the ratio of 3:1, to disperse agglomeration and eliminate impurities that may exist. 
Subsequently, reflux under stirring at 100 °C for 8 h as purified MWNTS was carried out. The purified 
sample was washed and neutralized by DI water until pH 7 was reached. Finally, the treated MWCNTs 
were dried at 100 °C for 2 h. 
 
2.4 Preparation of NiO/MWNTs composites 
0.2 M nickel(II) acetate tetrahydrate (Ni(CH3COO)2·4H2O) was mixed with 5 mg MWCNTs and the 
pH of mixed suspension was adjusted  to pH 8 with ammonium hydroxide before sonicated  for 20 min. 
After that, the suspension was soaked in the solution for 5 h followed by centrifiugally separated to obtain 
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intermediate product and calcined at 400 oC for 2 h, respectively. For another method, the suspension was 
heated at 450 watt for 5 mins in microwave oven before calcined at 400 °C for 2 h to obtained the 
NiO/MWNTS composites. 
 
2.5 Modification of NiO/MWNTs/FTO electrode 
Before modification, the FTO surface was sonicated successively in ethanol and distilled water for 5 
min. The preparation of the suspension NiO/MWNTs concentration of 20 mg NiO/MWNTs with 0.5% 
nafion 0.5 ml sonicated for 30 min was performed until a black suspension was obtained. Then, drop 
10μL of suspension by micropipette onto the surface of a FTO and left until dry. 
3. Results and Discussion 
Fig. 1 shows the TGA and DTA analysis of Nickel (II) acetate powder in air atmosphere for ascertain 
the formation of sample. The TG-DTA curves show two weight losses ranges. The first range was the 
evaporation of water accompanying distinct loss at 100 ̊C. The second range observed over 332 ̊C due to 
the phase change of nickel acetate to NiO. Therefore, in this work, the calcination temperature for NiO 
formation was chosen at 400 ̊C. 
Fig. 2 shows the XRD patterns of NiO/CNT nanocomposites synthesized by conventional heating 
using heating oven and microwave irradiation. The patterns of the composites obtained by two methods 
are almost identical. The diffraction angles at 2T = 37.34q, 43.38qand 62.66q are assigned to (111), (200), 
(220) planes of the cubic structure of NiO. The peak at 26.26q is nicely indexed to the (002) plane of 
MWCNTs. The small peaks at 44.8q, 52.1q and 76.4q correspond to the structure of the Ni catalyst. From 
XRD results, it is clear that all composites are mixtures of two phases of cubic NiO and MWCNTs. The 
grain size of the NiO crystallites was calculated for major reflex (1 1 1) using the well-known Scherrer’s 
formula: 
    TE
NO
cos
 D                                              (1) 
 
Where D is the grain diameter, K is the shape factor (0.9), O is the X- ray wavelength (1.5406 x 10-10 m), 
β is the full- width at half maximum and T  is the Bragg angle. The calculated average particle sizes of 
NiO obtained by both heating techniques was approximately 5 nm. 
 
 
 
Fig. 1. Typical TG-DTA curve of  Ni(CH3COO)2·4H2O in the temperature range of 50- 500 °C. 
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Fig. 2. XRD patterns of NiO/CNT composites prepared with different heat treatment methods. 
 
 
 
Fig. 3. SEM images of NiO/MWCNT synthesized by (a) conventional heating (b) microwave heating (c) FTO electrode (d) 
NiO/MWCNT coated on FTO electrode. 
 
The morphology of the NiO/CNT nanocomposites was investigated with SEM. Fig. 3(a) and (b) 
display the morphology of the composites synthesized via conventional heating and microwave heating, 
respectively. The surface of CNT was randomly coated by NiO nanoparticles. Fig. 3(b) indicates that 
more amount of NiO nanoparticles attached to the CNT surface and distribution. The SEM images 
confirm that the coating of NiO takes place only at the outer surface of the CNTs and the CNT wall and 
NiO layer can be clearly observed. 
Cyclic voltammetry was used to determine the electrical properties of NiO/MWCNT/FTO electrode in 
30 mM K3 [fe(CN)6], at 50 mV/s potential form -1 to 1 V. As shown in Fig. 4, modified electrodes have 
electrical behavior. Subsequently, the modified electrode was used determination of hydrogen peroxide. 
The CNTs with high specific surface area can act as a template for a nucleation of the NiO. Furthermore, 
comparing to conventional heating, the instantaneously supplied heat by microwave heating can create 
NiO nanoparticles with smaller sizes and increasing amount of NiO nanoparticles attached to the CNT 
surface, thus creating more effective nucleation sites. This feature was accordingly supported by SEM 
results. Therefore, the NiO particles with smaller sizes should be beneficial for higher specific surface 
area and more active sites for redox action of the NiO. 
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Fig. 4.Cyclic voltammogram (CVs) of modified electrodes with different heating method recorded in 100 mM H2O2. 
 
 
Fig. 5. Amperometric response of bare FTO electrode and NiO/MWCNT/FTO electrode. 
 
The NiO/MWCNT/FTO modified electrodes have excellent and strong mediation and facilitate the low 
potential amperometric measurement of hydrogen peroxide. Fig. 5 shows a typical current-time of the 
NiO/MWCNT/FTO working electrode on successive additions 100 μM of hydrogen peroxide at applied 
potential of 0.8 V (vs. Ag/AgCl). The plots of current response versus hydrogen peroxide plot are linear 
over a wide concentration range. The linear squares calibration curve over the range of 0.4 to 4 μM with a 
correlation coefficient of 0.9996. The detection limit (when signal to noise ratio were 3) were 32.84 μM. 
4.  Conclusion 
The NiO/MWCNT/FTO modified electrode showed stable and reducible electrochemical behaviors. 
Comparing to annealing process, microwave irradiation which is simple and quick heating process can 
effectively assist the formation of NiO nanostructures on CNTs and reduce the synthesized time. The 
proposed modified electrodes were used as sensitive amperometric hydrogen peroxide sensors. The 
fabricated hydrogen peroxide sensor possesses excellent characteristic and performance, such as fast 
response time, low detection limit and high sensitivity. The detection limit, sensivity and linear 
concentration range of the NiO/CNT/FTO modified electrode were 32.84 μM. These advantages make it 
promising for providing a simple method to develop a new amperometric sensor for H2O2 detection.  
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